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HISTORY AND INTRODUCTION 


Although the pituitary gland has been known since the time of 
Galen in 200 A.D., no serious attempt was made to elucidate its 
structure and function until the 19th century. Hannover (1844) 
studied the structure and differentiated two cell types in the pars 
distalis. Flesch (1884) and Dostoiewsky (1884) independently 
resumed the structural study and differentiated chromophobe 
and chromophil cells. Saint-Remy (1892) postulated that the 
cell types simply represent different phases of secretion. Herring 
(1908) systematically demonstrated the various cell types of the 
pars distalis in different species. He also pointed out the presence 
of colloidal structures in the posterior lobe. He believed that 
a substance is secreted by the intermediate lobe and is transported 
to the posterior lobe by lymphatic channels and via the stalk to 
the third ventricle. He was impressed by the tremendous vasculari- | 
zation of the pars distalis and realized that its blood supply comes 
from branches of the internal carotids which enter the gland at the 


sides of the infundibulum and break up immediately into larger, 
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thin-walled vessels which descend along the stalk and enter the 


pars distalis. 

Experimentation with respect to function really ie early 
in this century. It was first sought to discover whether or not 
the gland is indispensable for life. Paulesco (1908) stated that 
dogs die within 24 hours after total hypophysectomy. Camus and 
Roussy (1913a, 1913) described experiments in dogs in which they 
either performed hypophysectomy or made crude lesions in the hypo- 
thalamus. They observed a polyuria, which followed both the 
hypothalamic lesion and the subtotal removal of the pituitary. 
They also noted a progressive testicular atrophy in two animals with 
lesions. | 

Crowe (1909) showed that transplantation of the pituitary 
into a hypophysectomized dog significantly prolonged the life of 
the animal. Crowe, Cushing and Homans (1910) showed, in dogs, 
that hypophysectomy is incompatible with life and mentioned the 
adiposogenital syndrome which appeared in some dogs after hypo- 
physectomy. Aschner (1912) emphasized that the injury to the 
hypothalamus could have been the cause of some of the results 
that had been obtained. Bailey and Bremer (1921) used the temporal 
approach to the pituitary gland in dogs. This permitted the pro- 
duction of hypothalamic lesions without causing any injury to the 
gland. The experiments are documented with a histological study 
of the pars distalis showing its normal structure. Three animals, 
treated in this manner, show the adiposogenital syndrome, and the 


authors suggested that all the disturbances usually ascribed to 
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the hypophysectomy were due really to tuberal lesions. 

It was only in 1926 that the basic function of the anterior 
lobe was elucidated by the classical experiments of Smith, and 
Smith and Engle (1926, 1927, 1930). Its influence on the gonads 
was of particular significance. In experiments with rats, Smith 
found that after hypophysectomy, there was an atrophy of the genital 
organs in adults or lack of development of these organs in immature 
animals. In the adult female he found a complete arrest of cycles. 
In other experiments hypothalamic lesions. were made and the 
adiposogenital syndrome resulted. The genital atrophy which 
followed these lesions was not as pronounced as it was after 
hypophysectony, and some irregular cycling was observed. There 
was no observable atrophy of either the thyroid or the adrenals. 
The disturbance which occurred in hypophysectomized animals could 
be repaired by daily ie ieakbens of anterior pituitary gland. Smith 
also showed that injection of anterior pituitary substance in 
immature animals causes precocious puberty, and in adult animals 
hypertrophy of the genital organs. In castration experiments, 
he showed that the pars distalis acts directly on the gonads 
which in turn stimulate the accessory organs. 

Isolation of the “active principles" soon followed. The 
separation and purification of two anterior pituitary gonadotrop- 
hins, the follicle stimulating hormone (FSH) and the luteinizing 
hormone (LH), was accomplished by Evans and Simpson (1928), 
Fevold et al. (1931, 1933, 1941, 1943), Greep et al. (1940) and 


Shedlovsky et al. (1940). It was found that FSH acted on 
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follicular development and that LH induced ovulation with subse- 
quent formation of corpora lutea. Astwood (1941) discovered a 
third gonadotrophic hormone, the luteotrophin (LTH), which was 
later identified with lactogen by Evans, Simpson and Lyons (1941), 
and Evans, Simpson, Lyons and Turpeinen (1941). No other gonado- 
trophic hormones have, to the present time, been postulated and 

it is believed that FSH, LH, and LTH are the main "principles" in 

the control of gonadal function. 

Hypophyseal-gonadal interrelationships (in the form of the 
"push-pull" hypothesis) were first reported by Moore (1930) and 
Brouha and Simonnet (19350), and extended by Moore and Price (1932). 
Brouha and Simonnet believed that the variation of estrogen con- 
centration, through its influence on the pars distalis, plays an 
essential role in the production of estrous cycles. Moore and 
Price stressed the fact that the hypophyseal activity is to some 
extent controlled by gonadal secretion, for hypophyseal activity 
is lowered when the gonadal hormones are present in effective amounts. 

Before this time, there had been a few reports which strongly 
suggested such an interrelationship between the gonads and the pars 
distalis. It had been noticed ppeaicneva (1905), in a variety of 
species, that the weight and structure of the pars distalis was 
markedly altered, from the controls, if the animals had been 
castrated for some time. A histological study showed a large 
increase in basophil cells, especially a kind containing large 
vacuoles (later called castration cells). The increase apparently 


occurred at the expense of the acidophils. These changes could 
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be obviated if, after castration, the animals were given daily in- 
jections of fresh gonadal extracts. Schleidt (1913) also reported 
castration cells in the pars distalis after gonadectomy and showed 
that the changes could be obviated by transplantation of ovaries 
or testes into the castrated animals. Hatais (1913) and Addison 
(1917) gave further proof of the changes that occur in the basophils 
following castration. 

The question of whether the influence of gonadal hormones on 
the pars distalis is a direct one or whether it is mediated by 
the central nervous system was raised by Hohlweg and Junkmann (1932). 
They transplanted the anterior lobe to the kidney in a group of 
rats and at the same time performed gonadectomies. The control 
group was only gonadectomized. The anterior lobes of the controls 
underwent definite castration changes, while no such changes were 
observed in the experimental group. Furthermore, when animals 
were injected with atropine following castration, the appearance 
of castration cells in the intact pituitary was prevented. The 
authors, on this basis, postulated a "sex center" in the 
hypothalamus through which the action of gonadal hormones on 
the pars distalis would be affected. It was shown by Desclin and 
Gregoire (1936), using pituitary transplants, and by Westman 
and Jacobsohn (1938a), working with stalk-sectioned animals with 
the placement of a barrier to prevent regeneration of nervous 
connections, that estrogen can have a direct effect on the pars 


distalis. This direct effect, however, although present, is limited 
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to the production of mitoses in the gland and does not seem to 


enhance its secretory activity. 


If a "sex center" does exist, the mechanism by which it can 


influence the anterior pituitary gland is an important consideration. 


Anatomically, two possible connections between the hypothalamus 
and the pars distalis may exist: (1) by a direct nerve supply 
and (2) by a vascular connection. Over the years, the anatomy 
of the region has been studied in great detail to determine the 
existence of a suitable innervation, a suitable blood supply, or 
both. From the literature, it is seen that very few authors 
believe that the pars distalis receives an abundant innervation. 
Pines (1925), studying human pituitaries, stated that the gidioy 
lobe has an abundant sympathetic innervation, while Vasques-Lopez 
(1949), studying horse pituitaries, found numerous nerve fibers 
leaving the hypothalamo-hypophyseal tract and innervating the 
anterior lobe. On the other hand, Berkley (1894), Dandy (1913) 
and Croll (1928) believed that the anterior lobe innervation is 
composed of only very few autonomic fibers. Hair (1937, 1938) 
and Brooks and Gersch (1941) reported that, in addition to the 
autonomic innervation, the pars distalis receives a few aberrent 
fibers from the hypothalamo-hypophyseal tract. Rasmussen (1938), 
Drager (1944+), Green and Harris (1947) and especially Green (1951), 
who studded the problem in 76 species, found a complete lack of 
anterior lobe innervation. It is significant that these and 
other authors agree that an impressive number of fibers coming 


from the hypothalamo-hypophyseal tract end around blood vessels 
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in the pars tuberalis. 

The existence of portal blood vessels passing between the 
hypothalamic region and the pars distalis was first described 
by —_ and Fielding (1930). These authors believed that the 
direction of flow in these vessels is from the pituitary towards 
the brain. By direct observation of such vessels in the toad, 
Houssay, Biasotti and Sammartino (1935) found that the direction 
of flow is from the brain toward the pituitary gland. This obser- 
vation was documented with the finding that injury to the portal 
veins, at the level of the infundibulum, is followed by a necrosis 
ef the anterior lobe. Wislocki and King (1936) also concluded that 
the direction of flow, in the portal vessels of the monkey, is 
toward the pituitary gland. Wislocki (1937, 1938) confirmed 
this fact in the cat and performed a more extensive study in the 
monkey. 

Since these original findings, the work of Houssay et al., 
and of Wislocki and King has been confirmed a number of times. By 
direct observation of hypophyseal portal vessels, Green (1946) 
- in the bull frog, Green and Harris (2949), Barrnett and Greep 
(1951a), and Daniel and Prichard (1954) in the rat, and Worthing- 
ton (1955a) in the mouse, all agree that the direction of flow in 
these vessels is toward the pars distalis. The most recent studies 
were done by Xuereb, Prichard and Daniel (1954) in man, by Daniel 
and Prichard (1956) in the rat, and (1957) in sheep. These authors 
demonstrated very convincingly that the sole blood supply to the 


pars distalis comes to it through the hypophyseal portal vessels. 
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From these investigations, it can be seen that the pars 
distalis is completely deprived of arterial blood. The entire 
vascular supply is provided by the portal veins which bring a 
"special" blood that has previously circulated through the median 
eminence or infundibular stem, structures rich in nerve endings. 

The lack of nerve fibers in the pars distalis, on the one 
hand, the existence of numerous nerve fibers ending around the 
portal vessels in the pars tuberalis and around the proximal 
capillary loops in the median eminence and elsewhere, on the other 
hand, provide anatomical grounds which suggest that the hypothala- 
mic control of the pars distalis (if such control exists) is neuro- 
humoral rather than neural. 

Different approaches have been used to test the possible 
existence of a "sex center". Marshall and Verney (1936) were 
the first to employ electrical stimulation of the brain. In the 
female rabbit, a species known to be a reflex ovulator, massive 
electrical stimulation of the brain or spinal cord produced 
ovulation. Using the same species, Haterius and Derbyshire (1937), 
by means of very small electrodes, stimulated very discrete areas 
in the hypothalamus. When the electrodes were placed directly 
above and anterior to the optic chiasma, ovulation was produced, 
but did not occur if the electrodes were placed as little as 
1.5 mm. away from this area. Markee, Sawyer and Hollinshead (1946) 
showed that the stimulation of the cervical sympathetic trunk of 


rabbits, or the cervical portion of the vagus nerve, did not 
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induce ovulation. Stimulation of the hypothalamus produced 
ovulation, while a direct stimulation of the pars distalis was 
ineffective. This result suggested to the authors the presence 
of a humoral link between the hypothalamus and the anterior lobe 
rather than a direct neural connection. The findings of Markee, 
Sawyer and Hollinshead were confirmed by Harris (1988). Us ing 
remote control stimulations, of low intensities, Harris found 
that ovulation was always produced when the tuber cinereum was 
stimulated for as short a period as 3 minutes, but not if the 
electrode was placed in the anterior pituitary, pars intermedia, 
or infundibular stem with stimulation for as long as 7 hours. 
Another approach was an attempt to destroy specific areas 
of the hypothalamus and to study the effects on gonadotrophic 
secretion. Dey and his éeYiedoketers were the first to perform 
a systematic study using the ablation technique. Dey, Fisher, 
Berry and Ranson (1940) and Dey (1941, 1943), using guinea pigs, 
found that lesions that destroy the median eminence are always 
followed by genital atrophy and complete lack of cycles. Large 
bilateral lesions at the caudal end of the optic chiasma, seemed 
to inhibit LH secretion, as judged by the constant estrus which 
ensued. Unless they disrupted the connection with the hypo- 
thalamus, direct partial lesions of the pars distalis had no 
effect on gonadotrophic secretion. Hillarp (1949) using the rat, 
found that large lesions placed immediately anterior and ventral 
to the paraventricular nuclei, or small bilaterally symmetrical 


lesions placed caudal to the paraventricular nuclei, produced 
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the same ovarian changes reported by Dey et al. in the guinea 
pig- Hillarp interpreted this to indicate the presence, in the 
anterior hypothalamus, of an LH secretion center from which a 
well demarcated fiber system runs superficially on both sides of 
the median eminence toward the hypophyseal stalk. Greer (1953) 
showed that in Similarly induced constant-estrous rats, daily 
injections of progesterone were followed by resumption of cycles, 
which persisted in 50 per cent of animals after the interruption 
of progesterone treatment. This shows that despite the lesion, 
the primary cyclic mechanism can be reactivated. 

With the development of appropriate pharmacological agents, 
another valuable technique was available for the study of the 
hypothalamo-hypophyseal interrelationship. Markee, Sawyer and 
Hollinshead (1947) and Sawyer, Markee and Townsend (1949) 
using epinephrine and acetylcholine, on the one hand, and 
dibenamine and atropine, on the other, obtained results which 
Suggested the existence of two components in the copulation- 
initiated neurogenic stimulus. The first one, sensitive to 
atropine, was judged to precede an "adrenergic" neurohumoral 
link, subject in turn to dibenamine blockade. Christian (1956) 
demonstrated that direct stimulation of the preoptic area induces 
ovulation in atropine-blocked but not in dibenamine-blocked 
rabbits. However, the exact site of action of the two drugs has 
not yet been established. 

In the rat, Everett, Sawyer and Markee (1949) and Everett 


and Sawyer (1949a, 1949b, 1950, 1953) demonstrated that 
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administration of dibenamine, atropine or nembutal can prevent 
ovulation when injected before 2 P.M. on the day of proestrus. 
This pointed to the existence of a "spontaneous" neurogenic 
process, which causes release of the ovulatory hormone from the 
pars distalis. Sawyer, Everett and Markee (1949) and Everett 
and Sawyer (19498 again using dibenamine and atropine as blocking 
saianbe, showed that the effect of estrogen or progesterone in 
promoting ovulation is mediated through the nervous system. 

If the pars distalis is capable of normal function inde- 
pendent of hypothalamic control, then stalk-sectioning or 
complete removal of the gland to another site should not inter- 
fere with its normal performance, provided that good circulation 
be established and that’no major loss of parenchyma occur. 

Harris (1950) discovered, in rats, that after simple stalk- 
section, a regeneration of vascular connections between the 
hypothalamus and the pars distalis usually occurs promptly and 
that the pars distalis, sooner or Vater! resumes a normal, or 
nearly normal, function. Only when precaution is taken to place 
a barrier between the cut ends of the stalk, and thus prevent any 
regeneration of portal veins, is it observed that the pars 
Gistalis secretes minimally. This latter procedure is always 
followed by complete gonadal atrophy. 

In the past, many contradictory results had been reported 
as to the effect of stalk-sectioning. Although a number of authors 
state that the pars distalis is capable of normal function follow- 


ing this procedure, others report opposite findings. The studies 
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of Harris offer an explanation for these contradictions, as he 


pointed out. It is most probable that the normal pituitary 
function following stalk-sectioning reported by some authors 

was due to re-establishment of vascular connections between the 
pituitary and the hypothalamus. Thus, Richter (1936), Dempsey 

~ (1939), Dempsey and Uotila (1940) and Uotila (1939, 1940) 

believed that normal gonadotrophin function can occur after stalk- 
sectioning. Brooks (1938), Leininger and Ranson (1943), Brolin 
(1945) and Greep and Barrnett (1951) and Barrnett and Greep 
(1951b) reported serious disturbance but not complete disappear- 
ance of gonadal function. On the other hand, Mahoney and Sheehan 
(1936), Hinsey (1937), Harris (1937), Westman and Jacobsohn (1937) 
and Westman, Jacobsohn and Hillarp (1943) noted complete gonadal 
atrophy following stalk-sectioning, Benoit and Assenmacher (1952) 
and Assenmacher and Benoit (1953a, 1953b) reported gonadal atrophy 
upon effective interruption of portal vessels or a high transection 
of the hypothalamo-hypophyseal tract in ducks (in this species, 
these two structures can be sectioned independently). Sectioning 
of nerve tracts below the region of the median eminence produced 
no effect on gonadal function. Westman and Jacobsohn (1938p), 
reported that pseudopregnancy can be produced in stalk-sectioned 
rats by ie tobknol stimulation of the cervix, applied a few 

hours following the operation. However, no controls were included 
to show whether pseudopregnancy can occur after stalk-sectioning 


without any cervical stimulation. 


As the regeneration of portal vessels obscured the results 
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of stalk-sectioning, so did the persistence of remnants in 
the hypophyseal capsule obscure the results of transplantation 
experiments. Many authors have stated that pituitary grafts do 
not secrete gonadotrophins when transplanted to sites remote. 
from the hypothalamus. Martin (1936), Richter and Eckert (1937), 
Cheng and Sayers (1949), Fortier and Selye (1949) and Fortier 
(1951) observed complete bsiatas atrophy in animals bearing anterior 
pituitary grafts in the anterior chamber of the eye. Westman and 
Jacobsohn (1940) obtained similar results and did not believe 
that this loss of function could be attributed to the decrease 
in amount of transplanted tissue. The size of the grafts, in 
their experiments, was sometimes 100 per cent larger than the 
normal gland. May (1935, 1937), Hill and Gardner (1936) and 
Cutuly (1941) using rats, reported normal gonadotrophin secretion 
from pituitary grafts transplanted to the anterior chamber of the 
eye or to the testes. Schweizer, Charipper and Haterius (1937) 
using guinea pigs, reported that eye transplants of pituitary 
tissue secreted only FSH, as indicated by a great follicular 
development in the ovaries of these animals. While the results 
of May and of Hill and Gardner can be explained by the fact of 
retention of remnants in the hypophyseal capsule, it is difficult 
to explain the results of Cutuly and of Schweizer and her co- 
workers who determined, by histological studies, the absence of 
any remnants. 

An early experiment conducted by Greep (1936) indicated 


that the proximity of the hypothalamus has a very favorable effect 
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on the secretion of pituitary grafts. This author transplanted 
either newborn or adult pituitaries into the newly emptied "sellae" 
of adult hypophysectomized male or female rats. In a large number 
of cases, normal gonadotrophic function was observed, including 
pregnancy, delivery and lactation. A serious drawback to this 
experiment was the fact that the hypophyseal capsule could not be 
checked for remnants since it contained the graft itself. Therefore, 
it was impossible to state with certainty whether the gonadotrophic 
effects were due to the transplant or to the residual anterior lobe 
tissue. Harris and Jacobsohn (1952) repeated Greep's experiment and 
placed pituitary grafts under the median eminence by a trans- 
temporal approach. Since they placed the graft above the hypophyseal 
capsule, it was possible to determine at a later date, the com- 
pleteness of the hypophysectomy. In control animals, the pituitary 
grafts were placed under the temporal lobe of the brain. In nearly 
all animals bearing pituitary grafts under the median eminence, 
resumption of gonadotrophin*secretion was observed. In 50 per cent 
of the animals, mating was followed by pregnancy and delivery. No 
gonadotrophin secretion occurred in any of the control animals. 

Thus, the usual experience has been that a complete lack of 
FSH and LH secretion comes about when the pituitary gland is 
transplanted at a distance from the hypothalamus. On the other hand, 
it has been demonstrated that the gland is able to secrete 
luteotrophin under such conditions. Using rats, Desclin (1950) 
found that homografts of pars distalis in the kidney were capable 


of secreting luteotrophin when a large quantity of stilbestrol 
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was implanted subcutaneously on the day before the operation. Large, 


functional corpora lutea were found in these animals. ‘To determine 
whether the estrogen was a necessary stimulus for luteotrophin 
secretion, Everett (19544) performed autotransplantations of anterior 
pituitaries to the kidney on the day of estrus, omitting estrogen 
administration. He found that, without any special stimulus, luteo- 
trophin was secreted, as shown during the following week by the 
decidual reaction to uterine traumatization. These experiments 
were of short duration and the possibility existed that the effect 
observed could be due to absorption of preformed hormone from 

the pituitary graft. To eliminate this possibility, Everett (1956a) 
conducted a similar experiment on a long-term basis and found a 
persistence of luteotrophin secretion as long as 120 days post- 
transplantation. 

From this historical review, it can be seen that strong 
Suggestive evidence has accumulated, since the original suggestion 
by Hohlweg and Junkmann, that the hypothalamus plays an important 
role in the control of BSH and LH secretion. What effect the 
hypothalamus has on LTH secretion is still uncertain. Everett 
(1956a) has suggested that it may be partially inhibitory, since 
it was observed that LTH is secreted abundantly by anterior lobe 
grafts which are placed at a distance from the hypothalamus. 

In view of the cited observations that luteotrophin 
secretion is readily demonstrable after transplantation of the 
pituitary to the kidney, and in view of the fact that most 


investigators used the anterior chamber of the eye as the site 
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of transplantation with no report of any luteotrophin secretion, 
experiments were conducted to find whether pituitary grafts 

in the eye are capable of secreting this hormone. Also, since 
Everett confined all of his transplantation operations to the 
day of estrus, it was of interest to determine whether the 

time of the cycle at which the pituitary is transplanted has 
any influence on subsequent luteotrophin secretion. 

Inasmuch as the techniques of transplantation of the 
pituitary gland and of stalk-section With the permanent inter- 
ruption of the hypophyseal stalk accomplish the same end, i.e., 
separate the pars distalis from the hypothalamus, it seemed 
important to investigate whether the effects of the two procedures 
are similar with respect to FSH, LH and LTH secretion. 

Histological studies of pituitary grafts always show that 
during transplantation considerable loss of parenchyma occurs 
and also that the differentiated cells disappear. Perhaps these 
particular elements are more delicate and are quickly destroyed 
as a result of the operative trauma, thus leaving the graft 
devoid of highly specialized cells (basophiles) that are 
presumed normally to secrete FSH and LH. The question arose 
whether the operative trauma, rather than the separation from 
the hypothalamus, is sufficient to accourt for the observed 
loss of these hormones. To answer this question, grafts were 
removed from the kidney and re-transplanted under the median 
eminence of the tuber cinereum, thus producing an additional 


operative trauma. If following the second transplantation the 
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MATERIALS AND METHODS 


The experimental animals were adult female rats from the inbred 
Vanderbilt strain, ranging in age from 4+ to 7 months at the beginning 
of the experiments. The animals, at this time, weighed between 180 
and 250 grams. They were kept in an air-conditioned room at a 
temperature of about 80°F. The lights were controlled by a time 
switch so that they were "on" for 14 hours and “off" for the next 
10 hours. Midnight, "colony time", is considered to be 5 hours 
after the lights are turned "off"; when the time of the operation is 
recorded, it is always given in “colony time". 

Before the animals were used experimentally, they were kept 
on a diet of Purina dog chow and water ad libitum. After the 
various operations were performed, the animais reneieed a supple- 
ment of milk three times a week ami yeast once a week. Five per 
cent dextrose was also added to the drinking water. 

Vaginal smears were taken at least 2 weeks preoperatively 
and throughout the postoperative period every day except Sunday. 
Vaginal smears of the animals used in the re-transplantation 


series were done every day including Sunday. 


1. Operative Procedures. 
The hypophysectomy and subsequent transplantation of 


the pituitary were performed in a single operation. The animals 
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were hypophysectomized by the parapharyngeal route. The prevention 
of excess fluid formation in the trachea was accomplished by 
subcutaneous injection of atropine sulfate (10 mg./kg. body weight) 
a few minutes before the operation. A polyethylene tube was 
introduced into the trachea to assure a clear air passage. After 

a drill hole was placed in the basisphenoid, the whole pituitary 
giand was removed by suction and transferred into sterile physio- 
logical saline. The posterior lobe was separated and discarded. 

In experiments where the gland was to be transplanted to the 
kidney capsule, the kidney was exposed at the beginning of the. 
operation and the incision was then temporarily closed. After hypo- 
physectomy the kidney was re-exposed, a small slit was made in the 
eapsule, and the pars distalis was pushed gently through the 
opening in such a way that the gland was in contact with the kidney 
surface. The body wall was then repaired. 

When the pituitary was to be transplanted to the anterior 
chamber of the eye, once hypophysectomy had been accomplished a 
small slit was made with a fine knife near the sclero-corneal 
junction and the pituitary was introduced through the slit. Because 
of the restricted operating area, the gland was manipulated 
considerably more during transplantation to the eye than during 
_ transplantation under the kidney capsule. 

The sectioning of the hypophyseal stalk and the placing 
of the pituitary graft under the median eminence were performed 
using the trans-temporal approach, as described by Harris (1950). 


After ether anesthesia, a large skin incision ("L-shaped") is 
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made; one of the limbs of the "L" is extended between the right 


eye and ear, while the other limb is placed between the two ears. 
By blunt dissection, the skin is loosened from underlying tissues 
and retracted, thus permitting the exposure of a large operative 
field. The temporalis fascia is then cut and retracted. With a 
blunt instrument, the temporalis muscle is scraped from its bony 
origin and cut at its insertion into the coronoid process. If 
tension is placed on this muscle for a few seconds before excision, 
little or no bleeding occurs at the severed vessels. With the aid 
of a # 3 dental burr, a large window is made in the skull by 
removal of a piece of bone extending from the sagittal suture to 
and below the zygomatic process. The dura mater is then cut and 
removed, after which the exposed brain can be lifted with a small 
elevator (Figure 1). When the field is dried, the median eminence 
and the hypophyseal stalk can be seen in the midline. After the 
desired experimental procedures, the brain is released, its surface 
is flooded with sterile saline and blotted, and the skin is sutured 
to cover the operated area. In the stalk-section experiments, the 
gactidning was accomplished ~by breaking the stalk with a very fine 
hook, and to prevent the regeneration of the portal veins, a 
barrier was placed between the two cut ends of the stalk*. In re- 


transplantation experiments, the animals were subjected to surgery 


*The barriers were made from 2 x 4 mm. pieces of oinion skin 
paper previously dipped in a paraffin bees-wax mixture. 
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Figure 1. The operative field in the trans-temporal 
approach to the hypophyseal stalk and the median eminence 
of the tuber cinereum. The brain is retracted upward to 
expose the cranial floor. 
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on two different occasions. During the first operation, they 
were hypophysectomized and the adenchypophyses autografted to the 
kidney capsule. -Fifteen to 25 days later, the graft was removed 
from the kidney and placed under the median eminence of the tuber 
cinereum or under the temporal lobe using the trans-temporal 
approach described above. 

Luteotrophin secretion was tested indirectly by its effect 
on progesterone secretion by the corpus luteum, as made evident 
by the deciduoma reaction to uterine trauma. On a given day, 
two Loops of silk thread were tied through the antimesometrial 
border of one of the two uteri. Four days after the placement 
of the threads, the degree of decidual reaction was evaluated by 
the amount of swelling that had occurred around the loops. A 
minimal reaction was designated by+, a moderate reaction by ++, 
a good reaction by+++, and a maximal reaction by++++. In cases 
of minimal or moderate reaction, serial sections of the region 
around the loops were prepared, and only if histological proof 


. existed, were these reactions recorded as positive. 


2. Autopsy. 

At the end of each experiment each animal was killed 
with an overdose of nembutal. The reproductive tract and the 
pituitary graft were examined in situ and removed; the ovaries 
were removed and weighed. In the transplantation series (both to 


eye and to kidney) the calvarium and cerebral hemispheres were 
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removed and the base of the skull trimmed to preserve the region 


of the pituitary capsule. 

In the stalk-section groups and in the series of the re- 
transplantation of pituitary grafts under the median eminence 
or temporal lobe, the following additional steps were performed 
after the removal of the ovaries. The animals were perfused 
with india ink in order to make the hypophyseal portal vessels 
easily observable. A vasodilating drug, hexamethonium chloride 
(10 mg.) was injected intravenously into the femoral vein. 
Immediately, thereafter, the thorax was opened, the ascending 
aorta cannulated through the left ventricle, and the right auricle 
cut open. The blood was washed out with 60-80 ml. of physiological 
siTike, followed by 80 ml. of india ink (1:3 dilution in saline). 
After this injection, the head was removed and the calvarium - 
resected. In the stalk-section experiments, the whole head was 
fixed. In the re-transplantation series, after the calvarium 
was resected, the brain was gently lifted and the graft was 
localized and removed with a block of overlying brain. The base 
of the skull of these animals was also roughly trimmed at this 


time. 


3. Histology. 

All ovaries and other tissues, unless otherwise stated, 
were fixed in Bouin's solution, imbedded in paraffin and serially 
sectioned at 10 np. In the stalk-sectioning experiments, after the 


head had been fixed in Heidenhain's Susa fixative and decalcified 
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in 5 per cent trichloroacetic acid (TCA), a block of tissue 


containing the hypothalamus, the stalk and hypophyseal capsule 
was trimmed, imbedded in celloidin and cut Seay 3 ie of 
100-200 p. These sections were mounted without being stained. 

In the re-transplantation experiments, the block of tissue 
containing the overlying brain and graft was imbedded in celloidin, 
after it had been fixed in Susa. Sections that were alternately 
thin (6 un) and very thick (100-160 n) were then cut by the "dry 
celloidin" technique. This was repeated until the block of tissue 
was completely sectioned. The thick sections were mounted without 
staining; the thin sections were stained differentially. 

In those cases where histological study of the pituitary 
capsule was carried out, the base of the skull containing this 
area was fixed and decalcified, either by leaving it in Bouin's 
solution for 5-6 weeks or by fixing it in Susa and decalcifying in 
5 per cent TCA. Subsequently this block of tissue was imbedded 
in paraffin and serially sectioned. All tissues, except the thick 
‘eelloidin sections, were stained with a modified Mallory trichrome 


stain. 
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RESULTS 


Part I 


1. Pituitary autografts to the anterior chamber of the eye. 

This experiment was performed to determine whether the 
pars distalis when transplanted to the eye behaves the same as it 
does when transplanted to the kidney capsule. It was found that 
in 9 out of 14 animals used, the graft was functional and could be 
seen on direct examination; in the remaining 5, the graft did not 
"take" and it could not be visualized directly. 

A. Animals with functional grafts. The function of the graft 
and of the corpora lutea was tested by the usual technique of 
uterine trauma. The test was performed on two occasions on all 
animals: 5-13 days and 31-70 days, respectively, after transplant- 
ation. A positive response to the first trauma would confirm the 
presence of LTH secretion, and the response to the second trauma 
would show that the transplant is capable of a prolonged secretion 
of that hormone. As can be seen in Table I, the first trauma was 
followed, in all animals, by a maximal decidual reaction. After 
the second traumatization, however, the results were not as 
uniform. Two animals responded maximally, these moderately, while 
four did not respond at all. The appearance of ovaries correlated 


well with the responses obtained at the two different times of 
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traumatization. Early in the experiment, at the time of the first 


traumatization, the ovaries of all animals contained full sets of 
large corpora lutea (approx. diameter, 1.5 mm.). At autopsy, which 
was performed 4 days after the second trauma, the ovaries of animals 
that responded with a decidual reaction always contained several 
larger corpora lutea (Figure 2), while the remaining animals did 
not. Their ovaries were atrophic and bore only small corpora 
lutea. The average weight of the ovaries was 21.4 mg. (range: 

13.5 to 32.8 mg.). The histological examination confirmed the 
observations made at autopsy. It also showed clearly that the 
follicular apparatus and the intersitial tissue were atrojhied. 

The interstitial cells were small and the "wheel nuclei", 
characteristic in this species of the lack of LH secretion, 

could be seen. The pituitary grafts showed the following histo- 
logical features: in animals in which the corpora lutea were 
non-functional, the grafts were always small and very poorly 
vascularized; grafts taken from animals that had functional corpora 
lutea were always larger and better vascularized. By comparison 
with grafts in the kidney, however, they were distinctly smaller 
and had less prominent sinusoids. Serial sections of pituitary 
capsules showed either the presence of no fragments of adenohypo- 
physis or of very small remnants (when present, such remnants 
comprised clusters of only few cells, which appeared undifferent- 
jated). In one case only (animal # 9) there was a somewhat larger 
fragment in which a few cells were differentiated. This animal 


has been included in the series because it is believed that even 
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Figure 2. Ovary from a rat with a pituitary graft in the eye. Note 
the large corpora lutea and atrophied interstitial tissue and follicular 
apparatus. x 30. 


Figure 3. Ovary from a rat with a pituitary graft in the kidney. 
Transplantation on diestrus day 2. Same features as Figure 2. x 30. 
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this fragment was too small to have any influence on the ovary. 


The ovarian histology of this animal did not differ from the others 
in the group. Also, daily vaginal smears of this animal, like the 
others in the group, showed a continual diestrous state throughout 
the experimental period. 

B. Animals with non-functional grafts. In each of the 5 
animals in this group, one traumatization was performed 5-13 days 
after transplantation. As can be seen from Table I, none of the 
uteri responded with a decidual reaction. The animals were 
sacrificed 17-20 days after transplantation and at that time, all 
the ovaries were very atrophic and contained only small corpora 
lutea. At autopsy, the eyes bearing the grafts were examined with 
a dissecting microscope and, in no case, could any appreciable 
amount of glandular tissue be found. The base of each skull was 
carefully searched in this manner, and no remnants of pars distalis 


could be seen. 


2. Pituitary autografts to the kidney capsule. 

This experiment was performed to find out whether the 
anterior pituitary graft transplanted to the kidney on different 
days of the cycle will behave the same, i.e., secrete LTH, as it 
does when transplanted on the day of estrus. 

A. Transplantation on the day of estrus or on the second day 
of diestrus. 1,0 of the 9 animals in this group were operated on 


the day of estrus (Stage III) and the other 7 on the second day 


of diestrus (Stage V2). In the majority of animals, the function 
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of the graft was tested by uterine trauma on two occasions: 3-14 


days and 17-57 days, respectively, after the pituitary was trans- 
planted. As can be seen from Table II, the decidual response to 

the second trauma was very similar to that of the first trauma. 
Throughout the experiment, the ovaries retained the same appearance, 
always having several large and healthy corpora lutea. The rest of 
the ovary was consistently small with atrophic interstitial tissue 
and no antral follicles. Except for one animal (diestrus trans- 
plantation), ovaries in this group were examined exclusively with 
the dissecting microscope (7x). The one case in which the histo- 
logical study was carried out is represented in Figure 3. One can 
see the persisting corpora lutea, the scanty interstitial tissue 
and the complete atrophy of the follicular apparatus. The general 
aspect of ovaries in the group transplanted during diestrus is so 
very similar to the ovaries described by Everett (1954, 1956) after 
transplantation during estrus, that no additional operations during - 
estrus seemed necessary at this time. 

B. Transplantation in proestrus or late diestrus. This group 
can be subdivided into two subgroups, in both of which the actual 
time in days between the last ovulation and transplantation was 
identical, but which differed as follows: (B,) this consists of 
animals with a history of 4-day cycles. Their anterior pituitaries 
were transplanted on the day of proestrus. (Bo) animals with 
eycles of 5-day duration were used and here the pituitary was 
transplanted on the third day of diestrus. 


Differences and similarities encountered in the two groups 
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will now be considered. Group (B,) In the 15 animals in this 


group, the removal of the adenohypophysis and its subsequent graft- 
ing to the kidney capsule was done between 8:30 A.M. and 1:45 P.M. 
The time given indicates the beginning of the operation which was 
therefore carried out before the occurrence of LH release (Everett, 
1956b). Four to 21 days following this operation, the right uteri 
of all animals were traumatized. The uteri in 12 of the 15 animals 
did not respond with a decidual reaction. 

To test the possibility that the grafts were nevertheless 
secreting luteotrophin, new corpora lutea were artificially induced 
by injections of FSH and LH*. The rationale of this procedure is 
as follows: if these newly formed corpora lutea became sufficiently 
stimulated to produce a deciduoma reaction to uterine trauma, this 
would conclusively show that the pituitary graft was secreting 
LTH and that the negative result of the first trauma was due to a 
lack of responsive corpora lutea and not to a lack of LTH secretion. 

Some preparations of FSH and LH were not effective in the 
doses administered and did not produce new corpora lutea. For 
this reason, 4 animals (## 2, 4, 8 and 9) were given an additional 
series of injections of FSH and LH. However, this was successful 
in only 2 animals (## 8 and 9). It can be seen in Table III that, 


except for the first 4 animals, the second trauma was followed 


*The FSH injections were begun 23-67 days after pituitary 
transplantation. Depending on the hormone preparation used, 1 to 
5 mg. was injected subcutaneously twice daily during a period of 
3 days. This was followed on the fourth day by an injection of 
LH. 
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with a moderate to maximal response, including ## 8 and 9 which 


received the additional series of hormonal injections. 

Group (Bo) In the 9 rats in which pituitary transplantation 
was carried out on the third day of diestrus in 5-day cycles, the 
right uterus was traumatized 4 to 10 days after transplantation 
and gave a maximal or nearly maximal response uniformly (Table IV). 
This shows that there is a significant difference between animals 
in this group and in the preceding one. Although the ages of corpora 
lutea in the two groups are the same, a distinct difference must 
exist between the hormonal state on the day of proestrus and on the 
third day of diestrus in order to account for the observed results. 

The gross appearance of ovaries in Groups (By) and (B,) at 
the time of the first trauma did not greatly differ. Both had 
inconspicuous interstitial tissue and arrested follicular 
development. Both nad full sets of corpora lutea, but in Group (Bj) 
these were uniformly small (1.2 mm. approx. diameter), while in 
Group (Bz), occasional corpora lutea of somewhat larger size were 
found. Although the corpora lutea in the two groups did not other- 
wise differ in external appearance, functionally they clearly differed 
as demonstrated by deciduomata in Group (B,) and their absence in 
Group (B,). In two animals from Group (B;) the right ovaries were 
removed at the time of the first trauma (preceding FSH and LH 
treatment) and, by histological technique, were compared to the 
ovaries of Group (Bo) (Figures 4 and 5). Only when careful micro- 

_ scopic study of the lutéin tissue was carried aut was it apparent 


that a greater difference, than was appreciated on gross examination, 
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TABLE IV. 


PITUITARY AUTOGRAFTS TO THE KIDNEY CAPSULE 


Transplantation on the third day of diestrus 


Days from 
oper. to 
ist trauma 
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existed between the corpora lutea of the two groups. The lutein 


cells in Group (Bo) were large, healthy and well organized (Figure 
7) and looked very similar to the cells of corpora lutea in the 
group of animals operated on the day of estrus or second day of 
diestrus (Figure 6). On the contrary, the lutein cells of Group 
(B,) were small, often fatty and the whole corpus luteum was 
invaded by numerous stroma cells (Figure 8). This structural 
aspect is in agreement with the non-functional state of these 
corpora lutea. 

At autopsy, the appearance of the other ovaries in Group 
(B, ) varied with the degree to which these glands were stimulated 
by the injected hormones. In those animals that had not responded 
to the injected FSH and LH the ovaries were atrophic, while in 
others a varying number of corpora lutea were present. The corpora 
lutea were usually large and well vascularized. The weight of these 
ovaries differed with the number of corpora lutea present, as 
can be seen from Table III. In the majority of cases the weight 
was in line with those of Group (Bo), whereas there is little doubt 
that they would have been completely atrophic were it not for 
the FSH and LH treatment. Some of the ovaries were serially 
sectioned and it was found that the new corpora lutea produced 
by FSH and LH treatment now looked very healthy, but that the 
interstitial tissue and follicular apparatus remained largely 
atrophic. 

In the days immediately following the operation, there 


were some small variations in the smear picture among the animals 
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Figure 4. Ovary froma rat with a pituitary graft in the 
kidney. Transplantation on diestrus day 3. Corpora lutea 
smaller than in Figures 2 and 3. x 30. 


Figure 5. Ovary from a rat with a pituitary graft in the 
kidney. Transplantation in proestrus. Note the great similarity 
with Figure 4. x 30. 
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Figure 6. Luteal cells from ovary shown in Andes 3. 
Pituitary transplantation on diestrus day Be 
wg 


‘ Tl 
Figure 7- Luteal cells from ovary shown in Figure 4. 
Pituitary transplantation on diestrus day 3. Note the great 
Similarity with Figure 6. x BLA 
. ‘a ae TI ‘“ a Ny ‘ 
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Figure 8. Lateal a 3 corpora lutea in Figure 5. 
Pituitary transplantation in proestrus. Contrast with Figures 


6 and 7 and note smaller luteal cells and increased stroma. 
x 400. 
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of different groups, depending on the stage of the cycle at which 
the pituitary transplantation was carried out. Otherwise, however, 
the smears remained of the diestrous type, except for a transient 


estrogenic response to the FSH-LH injections in Group (B,). 
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Part II 


fransection of the Pituitary Stalk 


This part of the experiment vac performed in order to find 
out whether the stalk-sectioning in itself could produce pseudo- 
pregnancy and whether this pseudopregnancy could be prolonged 
indefinitely by keeping the anterior pituitary well separated 
from the hypothalamus. 

A total of 22 animals were used for this experiment and 
were divided into four groups as follows: Group A consists of 
7 animals in which the stalk was sectioned and a barrier placed 
so that it effectively prevented any regeneration of the hypo- 
physeal portal vessels. Group B consists of 9 animals in which 
a barrier was defectively placed so that regeneration of the 
portal veins was possible. Group C is represented by 3 animals 
in which the brain was lifted very near the median eminence (as — 
when the stalk-section is actually performed) but the stalk was 
neither cut nor manipulated. Group D is also represented by 3 
animals which were treated similarly to Group C but in which 
the cerebral hemisphere was lifted in such a way as to completely 
avoid the region of the hypothalamus. All operations were per- 
formed on the day of estrus except for one animal in each of 


Groups A and B, in which the operation was performed during 
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diestrus. The results are as follows: 


Group A. In all 7 animals one uterus was traumatized 4 to 
35 days after the operation. In 6 animals the other uterus was 
treated similarly 46 to 74 days after sectioning the stalk. The 
decidual responses to the first uterine traumatizations were 
maximal in all animals except two (## 5 and 6). The responses to 
the second traumatizations were moderate to maximal except in 
the same above mentioned two animals (Table V). The histological 
examination of the decidual reaction following the second 
traumatization showed that this was in no way different from 
the deciduomata obtained in normal rats made pseudopregnant by 
the stimulation of the cervix (Figure 9). In the two animals 
(## 5 and 6), whose ovaries possessed large corpora lutea but 
Wiese uteri were not reactive to traumatization, the vaginal 
response to an excess of estrogen was determined*: Progesterone 
will mucify the epithelium in spite of the estrogen, which 
otherwise would cause a prolonged cornification (Allen and Meyer, 
1935, Astwood, 1941, Desclin, 1950, Everett, 1956). The responses 
of these two animals to the estrogen test were such that they 
produced a definite mucified smear, and only a scanty number of 


cornified cells could be seen. Thus, although the decidual 


*The procedure used for these two animals was to inject 
subcutaneously, on a given day, 50 ug. of estradiol-benzoate (EBZ ) 
and to repeat the injection 3 days later. On the third day there- 
after the animals were sacrificed, 


:gwvollo? a9 S88 ad 


ia =) 


oF son ieauused sow oucedu 9uo alemtas J £23 0 
any aurodu taddo eid slamkus Fs ad -contonsqo 8 i 
eit .wisto snd gaits ivoos sovls ays vy od oe 
etow anoldantcauwand entaedy Jealt add ad 8 

od aoenegaoy on? (0 bie @ BR) cit dqoone eles 


ak dyeoxe Lowies oe ed oso 0m sTow ecoldaakhl 


a 


lsoiseLogeid oui? tt ottet elamtas ows ber: ous 
Rerooaa ons 3 geiio LiLo ft ies Coubtood 

nt *} dusestit sro “01: ok cow aiedd cvedd ew 

“ud dnammenqobyuesg aban ever Lamwrot ot bontotde 
eLamtcs ows oft at .(@ omg td) nbeeae ond an 
gud setul syrocgroo Outs. besseaaog eolseve sega 
Lanigsy odd ,coltssizensuess oF avi hope om = 
ewtetueror!l :*bentwreteb eaw croqotdes to venond & 


dotdw ,adponfes gig Fo atiqn ak nu Loieege 


a 


» - Ay 
.ytoyeM fas seLla) nokisolti:wxos beguolotwy s a 


Vv 


somroqeat aff .(028L .ddesevél ML wiiLoved Hee 


youd ted¢ dove esow deat sogowtes odd of afloat 
Lo 

To soja ysnsor eg ylno has .aoeds Seta koum otha 
Isubtoeb ad dguodtie , cudT 998 sd bivoo 

anil 

tostut of sow alowine owd samt aot pokin ° 

( saa} ov BoRciod-Iothowtoe to .yu 92 eed phn ay a 

-oialt yok fertdid odd m0 .tetel eyed € sottsotak ol 


«boultinase waey 


- — c £ = 
—_ ds 5 oceans i ie oon vy 


2 . 
rh % . 
Pe Tee 
. 4 
m7 Sn ean oe hr a ee mek , ee ee eee BRS : epee 3 
, 7 Pg eee Ss B= tA 
j. jas ' Siwy . yy Spy ee yer te Opes < " 
ee MIATS YRATIVTIT SH? WH ROITOGSCMAR .V¥ BISAT 
=e}, bis ¥ ; : 
ie | aay 
. : 
) A ayord 
‘ : ] . “ nam ; os te at Tame tame a 


ae pete * atiaett ao ; 8 oY? ; Sam mi +4 ga Pe Py Gu The. At 8 ita a] 2: pe TU 3 Tor i, Beye i 
eS toeget , _., ork eysd oem sort ays ) sont ay | 

BA Sat & euateons " {.gm) .3W o¢ .xego Isudtoed ct .yoqd 4 feubtoe@ =~ «= (stot wag ° femtadk 

a _Bagetyl saroynort suysid Hef ~ Sasogeer suused tat OF 


ese eee Oe ee eed ~~ ee 


‘a + ee +2 ie P 


. : aa : ; Denciy Segre 8 , $f if é * Ts #2 +r" g # 


Se ere ORE LR ‘2 + ot & 58 ; 
See eee AE oe Re Pa ae Be aaa 


3 at a iets ett Se ene Le see a Se 
poe tee Tat pate ; 8 ee ie ee £.. 


“ 


z wre OTHE TH 


Het L 

es Pate SRR 19 | 0 EG 0 G¢ 9 

wer ST SQ 0 ae 0 Ge 
= 2°91 HOE 9S a rag t+ ne q 
sere @°LT Tee TS | tp OF teh Ot tet Ps ¢ 

—<— g°aT ae Fe nS +t 6h tH ¢ 2 

2s O°2eT g°se gl ttt hh t+ 62 T 

*dedo deqje S[euedpe )seTaeAo ~ Ksdoqny ssuodsea emnex4 pug essucodsed eunety IST “ON 
ee Pe ta ee as ag eee eee 


VY dnoay 


WIVLS AUVEINIId AHL dO NOILOSSSNVUL ‘A FIGVL 


*potded Tequeutdedxe oy4 ynoysnodyu, seSueyo oTTof£o [Teutsea Lue pemous sTeuytue esey4 Jo suoN, 


ST 


ii 
pe_dnidequt 
gou satoso 


02 


OT 


6T 
9T 
02 
9T 
Lz 


G¢ 


Te 
G¢ 


q dnowy 


4) dnody 


penutyuoo 


ty So... © § ov 


, ies, gem adSiays 
= >»  besgertesat 
: : “8 


— = ee ole 
‘ 


Sgudie 4 oe ee ~y ~ oe a 


; bottag (edispisoexs rortse cant ao oEfo¢go Temiasy Gas 


<= tt 


fie sLeautnsa S$fedF th 


Figure 9. Section of uterus showing a good decidual reaction 
produced by traumatization 74: days following stalk-section with a well- 
placed barrier. x 20. 


Figure 10. Ovary from a stalk-sectioned rat having an effective 
barrier to vascular regeneration. Note the greater size of the corpora 
lutea, compared with those in Figures 2 and 3. x 30. 
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reactions had failed, the corpora lutea were functional, neverthe- 
less. 

All of the animals in this Group had a complete absence of 
estrous cycles and showed a diestrous smear from the time of 
operation until autopsy. 

The gross appearance of the ovaries changed very little in 
the course of the experiment, appearing at the time of autopsy 
much as they had at the time of the first traumatization: All 
had a number of large corpora lutea, the interstitial tissue 
was atrophied, and any follicles seen were very small (Figure 10). 
The histology of these ovaries is much like that described for 
the animals in which the pituitary was transplanted on the day of 
estrus or second day of diestrus (as can be seen by comparing 
Figures 10 and 3) the only difference being that the corpora 
lutea in the ovaries of the stalk-section series (Figure 10) 
are somewhat langer. The average ovarian weight, excluding animals 
#5 and #6, was 35.6 mg. (range: 27.3 to 46.0 mg.). 

A study of the serially mounted, thick sections of the 
region of the stalk disclosed that, in all cases, the barrier 
was very well placed and although the pars distalis was well 
injected with india ink, no regeneration of the hypophyseal 
portal vessels could be seen (Figure 11). The posterior lobe, 
in all cases, was degenerated and very scantily vascularized. 

Group B. Of all 9 animals which comprise this group, in 


only 5 was the function of the corpora lutea tested. This was 
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done with a single traumatization 4 to 15 days after the stalk- 


section. Animal # 5, whose right uterus was traumatized 4 days 
after the operation, exhibited a maximal decidual reaction. The 
other 4+ animais, traumatized at a later date, gave no response. 

In the days immediately following the operation, the vaginal 
smear showed a picture of complete diestrus. As can be seen in 
Table V, the diestrous smearwas later replaced by cycling 
variations starting 15 to 36 days after the operation. 

The appearance of the ovaries, at the time of trauma, 
was uniform. They were large, contained large corpora lutea 
(approx. diam. 1.5-1.8 mm.), the interstitial tissue appeared 
abundant and healthy, and a great number of prominent follicles 
could be seen. 

In 4 of 9 animals, thick serial sections of the region 
of the stalk disclosed that, in all ae regeneration of the 
portal blood vessels had taken place (that these vessels regenerate 
well Oe chews in Figure 12). The barrier was placed too anteriorly 
“a just reached the anterior extremity of the gland; in the 
sections, vessels can be seen going around the barrier. In 
the remaining 5 animals, no serial sections were made, but at 
autopsy the region of the stalk was carefully examined under 
the dissecting microscope, and here also the barrier was 
similarly displaced. 

Group C. In this group of 3 animals in which the brain 
was lifted close to the hypothalamus but the stalk was not 


sectioned, the right uteri were traumatized 4 or 5 days later, 
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Figure ll. Sagittal section through the median 
eminence (ME) and hypophysis showing a well-placed 
barrier (B). Note the well-injected pars distalis 


(PD) and the very scantly vascularized neural lobe 
(NL). India ink injection. x 20. 


Figure 12. 


Sagittal section through the median 
eminence (ME), hypophyseal stalk (S) and the hypophysis 
(H). At arrow the stalk had been sectioned. Note the 
re-establishment of vascular connections between gland 


and hypothalamus. India ink injection. x 20. 
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The decidual responses were maximal or nearly so. At that 


time, the ovaries closely resembled those in Group B, possessing 
large corpora lutea, apparently healthy interstitial tissue 
and a number of prominent follicles in different stages of 
development. As in Group B, the vaginal smears on the days 
immediately following the operation were diestrous. The reappear- 
ance of cycling changes was recorded 16 and 20 days after the 
operation in the two surviving animals. 

Group D. This group was treated in the same way as Group 
C except the hypothalamic region itself was not disturbed. Only 
more lateral parts of the brain were elevated. In cmtrast 
to Group C, uterine trauma here failed to cause a decidual 
reaction in any case. In fact, two animals continued normal 
eycles without interruption. The third animal had a long 
period of diestrus. 
series, it is seen that simple mechanical manipulation of the 
hypothalamus (Group C) is sufficient to initiate the state of 
pseudopregnancy. Whether this will persist depends on how 
complete is the separation of the anterior pituitary from the 
hypothalamus and median eminence. If the separation remains 
complete, a continuing pseudopregnancy is established (Group 
A). When regeneration of the portal vessels is allowed by 
faulty placement of the barrier (Group B), the pseudopregnancy 


ends with the re-establishment of hypothalamo-pituitary 
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Part III 


Re-transplantation Experiments 


In this phase of the study, the pituitary graft, after 
being in the kidney for at least a fortnight, was re-transplanted 
under the median eminence of the tuber cinereum. This was done 
in order to test the direct influence of the hypothalamus on 
the graft. 

The experimental group consisted of 14 animals; the 
control group of 12 animals. ‘he respective operative procedures 
were as follows: The first was the same for both groups and con- 
sisted in transplantation of the anterior pituitary to the kidney. 
In the second procedure (re-transplantation) the graft was removed 
from the kidney and placed under either the hypothalamus or 
under the temporal lobe of the brain. Both groups of animals 
were observed for periods up to five and one-half months. 
Special attention was paid to vaginal smears, since it was 
expected that any marked stimulation of gonadotrophin secretion 
would be detectable by that means. 

When no changes had occurred after a few weeks, the animals were 


primed with small amounts of estrone (5-15 pg. subcutaneously in oil)*. 


*The assumption was made that the hypothalamus may have 
regressed to a "prepubertal" status. Female rats experienced early 
puberty and early cycling after receiving such treatment at 25 days 
of age. 
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In one animal, after a single injection of 10 pg. of estrone, 


cycling vaginal changes began within the week. In other animals, 
this treatment was repeated 2 to 5 times at irregular intervals 
before cycles reappeared. 

Out of a group of 14 animals in which the pituitary graft 
was found to be well placed under the median eminence (Figures 
13 and 14), 5 showed ceekic vaginal changes. These cycles were, 
for the most part, of 6 to 7 days duration and frequently 
included periods of cornification lasting for 2 days. In the 
remaining animals in this group, and in all of the control 
group, estrone injections produced no estrous cycles. 

The 5 cycling animals were placed with males, and 3 
of them became pregnant. On the twenty-third day of pregnancy, 
each litter was delivered by caesarian section. Only one animal 
attempted spontaneous delivery and this was unsuccessful. The 
litters were all small in number, consisting of 5 pups in two 
eases and 2 pups in one case. The young were all viable at the 
time of delivery and were exceptionally large. The placentas 
were also noticeably enlarged, compared to normal ones at 
term. 

The other 2 animals remained infertile; in fact, they 
usually failed to copulate with known fertile males in repeated 
trial matings. Progesterone therapy (1 mg. in oil) on the 
afternoon of proestrus was twice followed by infertile mating 
in each rat, as indicated by the presence of sperm in the next 


day's vaginal smear. The absence of even pseudopregnancy requires 
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Figure 13. Sagittal section which shows the vascular connections 
between the median eminence (ME) and the retransplanted pars distalis 
(PD). 100 u celloidin, unstained section. India ink injection. x 50. 


Figure 14. Thin sagittal section near the preceding one. Note 


the rather large size of the graft (PD). Modified Mallory stain. x 50. 
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comment; perhaps it is to be correlated with the very small 


number of corpora lutea produced in these particular animals. 

At the end of the various experiments the following 
observations were made: 

Ovaries. The complete disappearance of the large, 
persisting corpora lutea, which were known to be present at the 
time of re-transplantation, was a common feature of all ovaries. 
From the weights and appearance of ovaries, all animals could 
be divided into two groups, the first group comprising the 
5 eycling animals, the second group, the remaining ones. In 
the first group, the ovaries had an appearance characteristic 
of the time of the cycle in which the animal was killed. In 
general, the fdlicular apparatus was moderately developed, 
fresh corpora lutea were present, and some repair of the 
interstitial tissue was seen (Figure 15). In the second (non- 
cycling) group of animals, the ovaries showed, uniformly, 
a picture of complete atrophy of both the follicular and 
interstitial tissue and a lack of corpora lutea (Figure 16). 
In the cycling animals, the average ovarian weight was 25.5 mg. 
(range: 20.6 to 30.6 mg.). This weight, although not equal 
to that of normal ovaries is, nevertheless, far above that of 
the ovaries of the non-cycling animals, which was 7.4 mg. 
(range: 4.2 to 11.7 mg.). 

Uterus and Vagina. Histological study showed complete 


atrophy of the mucosa in non-cycling animals and this atrophy 
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Figure 15. Ovary from a rat that had re-cycled follow- 
ing re-transplantation of the pituitary graft under the median 
eminence. Animal was killed during proestrus. Note the 
presence of cyclic corpora lutea and a large graafian follicle. 


x. 30. 


Figure 16. Ovary from a rat following re-transplantation 
of the pituitary graft under the temporal lobe. Complete atrophy 
of the organ is evident. x 50. 
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was well repaired in the animals of the re-cycling group. In 


Figures 17 and 18, sections of uteri in the non-cycling and 
cycling groups, respectively, are represented. When these 
are compared, the striking difference is evident. In 
Figure 17 the uterine epithelium is low cuboidal like that 
found in sawenatee animals, etree Figure 18 (re-cycling 
group) it is seen that this epithelium is columnar and presents 
the typical picture of proestrus. The same is true for the 
appearance of sections of vaginae. The mucosa is very thin 
and shows an.epithelium which is severely atrophic in the non- 
cycling group (Figure 19). On the other hand, the vaginae 
in animals from the cycling group show marked repair (Figure 
20); the stratified squamous epithelium lining the lumen of the 
organ is indistinguishable from that found in normal animals. 
Pituitary grafts. Histological sections of the graft, 
whether it was placed under the median eminence or under the 
temporal lobe, showed that an additional loss of parenchyma 
had occurred since re-transplantation. However, the impression 
was that the loss was greater in the grafts that had been placed 
under the temporal lobe. That the graft can still be of con- 
siderable size is seen in Figures 13 and 14 which represent a 
gland well-placed under the median eminence. Vascularization as 
studied in thick celloidin sections, appeared equally well 
developed in either location. Cytologically, however, there 


was a great difference. In all temporal lobe grafts the 
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Figure 17. Uterine mucosa from a rat following re- 
transplantation of the pituitary graft under the temporal lobe. 
Complete atrophy. x 400. 


Figure 18. Uterine mucosa from a rat that had re-cycled 
following re-transplantation of the pituitary graft under the 
median eminence. Note maximal repair. x 400. 


io < iver a a a won 
ar aa ae 53 ae 

; ; ¥y ‘ : 5 7 7 i, s 

a OBS — a Pere en _ Wa «et a ¢ pam 


=O aptwollo® dom A mort asooum anttede r 
.odol Logoquet edd dohay J tang buortamie” he to. 
. z vat 


| . or lt “4 
heloyo-or Sori todd Jee s wort seooum oatuedU Of om 
ot today Slows yrodindig edt to sottsduslgenent-e y 


Figure 19. Vaginal mucosa from a rat following re- 
transplantation of the pituitary graft under the temporal lobe. 
Note complete atrophy and leucocytic vaginal content. x 400. 
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Figure 20. Vaginal mucosa from a rat that had re-cycled 
following re-transplantation of the pituitary graft under the 
median eminence. Note maximal repair and the presence of a 
superficial layer of small epithelial cells characteristic of 
early proestrus. x 400. 
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eytology was similar to that in kidney grafts. The cells 
were uniformly of small size and completely undifferentiated 
(Figure 21). Each of the grafts that had been well placed under 
the median eminence showed a significant degree of differentiation 
whether the animal had cycled or not. Nevertheless, the number 
of typical anterior lobe celis was far greater in the median 
eminence grafts from pe tee ink animals. In sections of 
these grafts, large cells can be seen which have the shape 
of noPmal basophils, stain purple-blue and possess a distinctly 
prominent Golgi apparatus situated at a distance from the nucleus. 
A few of these cells are shown in Figures 22 and 23. Small and 
large acidophils can also be seen. In addition, some atypical 
cells can be seen in the median eminence grafts, especially 
in those belonging to non-cycling animals. These cells have a 
Signet ring appearance, typical of "castration cells” which they 
ye believed to be. These cells are represented in Figure 24. 
Pituitary capsules. Histological examination of serial 
sections of "sellae" showed that in many animals there was a 
complete absence of hypophyseal remnants. However, in some 
animals from the non-cycling group and 3 animals from the 
re-cycling group, very small, undifferentiated fragments were 
retained. Considering their size and undifferentiated state, 
it is highly improbable that these fragments were able to 
exert any effects. Even though a highly differentiated 


fragment, twice the size of any found in the other animals 
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Figure 21. Pituitary graft in the kidney. Note the uniform 
population of small, relatively undifferentiated cells. x 1000. 
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Figure 22. Pituitary graft re-transplanted from the kidney 
to the median eminence (animal with cycles). Note the presence 
of large cells. Arrow points to a basophil. Also note the small 
vacuole above the negative image of the Golgi apparatus. x 1000. 
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Figure 23. A different field of the same section presented 
in Figure 22, showing 2 characteristic basophils (arrows). x 1000. 
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Figure 24. Pituitary graft re-transplanted from the kidney 
to the median eminence. This graft is the most differentiated of 
all those taken from animals that did not re-cycle. Although 
numerous large cells are present, no normal pasopae a2 are seen. 
The only basophils are those with large vacuoles, "castration 
cells" (A). The other large cells (B) have staining urere. see 
of acidophils (red with acid fuchsin). x 1000. 
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of the series, was present in one non-cycling rat, it was 
still too small to cause any appreciable difference, as shown 


by ovarian atrophy as complete as in the other animals. 
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DISCUSSION 


Throughout this study it has been seen that a loss of 
FSH and LH secretion and the persistence or enhancement of 
LTH secretion are the general findings whenever the pars distalis 
is effectively dissociated from the hypothalamus. Whether the 
dissociation is accomplished by actual transplantation of the 
gland or by stalk-section with prevention of vascular regeneration, 
the results are similar. In the grafting experiments this was 
true regardless of the site used for transplantation: kidney, 
eye, fascia of the neck (Everett, 1954) or connective tissue 
outside the kidney capsule. The secretory capacities of the 
graft were not influenced by the time of the cycle when the 
pars distalis was transplanted: estrus, diestrus or proestrus. 
In unpublished experiments Everett found that when the gland 
was transplanted in the midst of the progravid phase of 
pregnancy, it continued to maintain the corpora lutea; thus, 
LTH secretion must have resumed very promptly. Even the 
pituitaries of new-born rats are capable of secreting LTH 
when transplanted into a kidney of the hypophysectomized 
mother (Nikitovitch, unpublished). 

Before discussing further the secretion of the various 


gonadotrophins and the influence of the hypothalamus, 


i a 


. 
« as) a 
7 ¢ i be 
a4 he 
3S ox > 
® aa 4 
‘ 
- | 
- 
a 
. 
= 
wAT ODOT eres i 
Jota ee Woe — . 5 2 
als 


id J r e ’ "7 : I Ss vbhuds : = 

to anul s tard mooe mosd ead vl Youss tind 
Se. oy Te r ha a 

to -Juaeonglw Ic senedsieveq ois De SOlLIeaeae 


atietels erse said covenadw agniball Lataren oar Gas 


ahi ae ; rey ae ‘4 ‘ 3 ake ase aes 
old sarivods .o.wetpiedsoggi ort mort oedsiooeste pia 
- “ 
fe _ . i lhe: at, alle Fr 7 —_ . feo & Peuan . 
ait to aolvainsiqeapat I os td Dsdeilowooss @& 


& 


: Woteks , . * om bh lee p ™ Pk & ie alt — 
tés:onosog tafvoasv to dotdasavong ddiw actjeet-s lage 


asu sind adaemiseqxe pokdYety acd af saints ora ov] 


c 


- 
© 
c 
' 
' 
‘ 
o 
i 
€ 


youb.2 tiadualqcusedt aot boay atin edd to gam 


Oo 
C3 
\ 
ra 
@ 
~~ 
cr 
° 
ed 
C 
-_ 
aaa 
a 
ae 
rae 
1©) 
et 
oO 
% 

£ 

> 
aaa 

i 

me 
9 
o 
€ 


aid ‘to. ealéloages yrodeioss ad? +. olvages beeline” 
a 
eal 


ot sockr sLoyo wit. IO sake ard 4 + Neanoul tak dest = 


i 


aes 290% fo auNdeet . aoaide ian sg Gay 
Disin add cock dod Buu? Idsxovi tel be 


10 Seedq Bivewmord ot to sebia old ak bodiu 


dace inl os ae d - oR oe & an Boe on 
,auds ~estul ssoqroo aly aissrtan oy nouctsdioe | 
or. 
i- > et ed wieere weeant fines sont she 7: 
ot movi .yicgmorg prov Seaveaste ova Java ae 


ee oe i ,s : - 
IT atderces to el¢sges ore ads AIod-wea te | 


» (deri otidneaua ott vod 
soLeey oft To meidssos2 arid sarkisud na taousald of 


,euasleritoygydl add to soneultnkt oft bas arts 


consideration must be given to certain findings encountered 
in the end organs that serve as indicators of LTH and pro- 
gesterone secretion, respectively. 

It was seen that the presence of reactive corpora lutea 
was necessary to confirm LTH secretion. If a normal ovary is 
examined at any time of the cycle, corpora lutea in various 
degrees of degeneration can always be seen. The factors causing 
luteolysis have not been elucidated, although Greep (1934) and 
Greep and coworkers (1942) have suggested that the combination : 
of FSH and LH may serve in this manner. In the present study 
no attempts were made to identify the aot akaasatal responsible. 
However, certain information can be deduced about the time of the 
cycle when the a hanaabace occurs. The beginning of the effect 
on the current set of corpora lutea is evidently delayed until 
late diestrus, for the Ete lutea proved to be equally 
functional whether the pars distalis was transplanted during 
estrus or the second day of diestrus. On the other hand, it 
was seen that when the pars distalis was grafted during 
proestrus the corpora lutea of most animals were incapable of 


function*. Thus, luteolysis must be well advanced at this 


*The three exceptional animals in the proestrus transplantation 
group which had functional corpora lutea are assumed to have been 
not in true proestrus, in spite of the vaginal smear record. This 
can be expected in a small proportion of rats in this colony at 
any given time, and true proestrus will be found on the following 
day (Everett, personal communication). 
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stage of the cycle. This is in accord with the report that 
patches of fatty necrosis appear in corpora lutea during early 
proestrus (Everett, 1945). 

An observation of interest made in the proestrus group of 
animals was that subsequent ovulation never occurred even when 
the pars distalis was transplanted very near the time of LH 
release (Everett, 1956p). Although the grafted gland must con- 
tain at that time large amounts of LH, the absorption of this 
hormone from the transplant can be presumed to be too slow to 
be effective. 

As the indicator that the corpora lutea were actually 
secreting progesterone, the ability of the uterus to produce 
deciduomata was utilized. Reactivity of the endometrium to 
trauma was retained for as long as 74 days following the 
original operation (transplantation of stalk-sectioning). 
During normal pseudopregnancy in the intact rat, by contrast, 
the reactivity is lost after the seventh day (Long and Evans, 
1922; Allen, 1931). As judged by the atrophic state of the 
follicular apparatus and the complete atrophy of the vaginal 
epithelium, no estrogen secretion is stimulated by a grafted 
pars distalis or by a stalk-sectioned pars distalis that remains 
completely separated from the hypothalamus. This indicates that 
the decidual reaction is not directly dependent on estrogen 
secretion, contrary to the general belief that only when the 


uterus has recently been stimulated with estrogen can 
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progesterone secretion in the normal, or its injection in the 
castrated rat, induce the formation of deciduomata following 
traumatization (Weichert, 1928; Verlardo and Hisaw, 1951). 

It is a new finding that the existence of an earlier 
deciduoma does not preclude a second response, at least in the 
opposite uterus. The animals in these studies were ideally 
ayitta to establish this point, which could not have been done 
in a normal pseudopregnant animal due to the limited duration 
of reactivity mentioned above. How long a deciduoma can be 
maintained cannot be answered without future systematic study, 
although it can be stated from present knowledge that the 
ee is not unlimited. 

One of the main objectives of the present study was to 
determine whether the transplants of the pars distalis to the 
eye compare functionally with those to the kidney capsule. It 
is now apparent that this is true and that grafts in the eye 
do indeed secrete LTH in amounts sufficient to support function 
of corpora lutea. Other investigators (Martin, 1936; Richter 
and Eckerts, 1937; Westman and Jacobsohn, 1940) did not 
encounter this simply because they used hypophysectomized 
animals into which homotransplants were introduced at a 
later date. Such animals unquestionably lacked corpora lutea 
that could respond. Although intraocular transplants of 
pars distalis are now seen to be capable of secreting LTH, 


it appears that the kidney is a more favorable site than the 
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eye, at least in rats. The kidney grafts are always larger 
and very well vascularized, retaining the typical simusoids 
found in the gland in situ, well injected with erythrocytes. 
On the other hand, eye transplants are often very small, their 
vascularization is scanty and the number of erythrocytes seen 
in the sections, few. The anterior chamber of the rat eye at 
best offers a very restricted space, and this alone may account 
for the differences found. Although it has been claimed by 
some authors, notably Buxton (1936), Martin (1936) and Schweizer 
and coworkers (1937), that cellular differentiation is retained 
in intraocular grafts, this was not true in the present study. 
Both the eye and kidney grafts were made up of small, relatively 
undifferentiated cells which appear to be acidophils and 
chromophobes, previously described by Everett (1956a). 

A further objective was to compare the effects of stalk- 
sectioning with those of transplantation. ‘he experiments have 
demonstrated that, much as when it is transplanted, when the 
rat pituitary gland is effectively isolated from the hypothalamus 
by placement of a barrier to vascular regeneration, the secretion 
of FSH and LH ceases but LTH secretion continues or is enhanced. 
In both instances the follicular apparatus and interstitial 
tissue become atrophic and the ovaries have large functional 
corpora lutea. However, it is noteworthy that the corpora lutea 
in the stalk-section group were always larger than those in 


the transplantation series. is conceivable that more parenchyma 
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is retained in the pars distalis after stalk-sectioning 
than after transplantation; this could possibly account for 
a greater LTH secretion, and this in turn for the larger 
corpora lutea. 

Westman and Jacobsohn (1938b) suggested that pseudo- 
pregnancy can be induced by cervical stimulation following 
stalk-sectioning. The results in the present study demon- 
strate that stalk-sectioning alone is sufficient to initiate 
this state. Such:a conclusion was reached by Everett (1954) © 
from the indirect evidence that simple transplantation of 
the pars distalis would invoke the state of pseudopregnancy. 
The present experiment supports this by direct evidence. 
Furthermore, it was found that not only stalk-sectioning 
but even a slight pressure on the brain near the median 
eminence causes pseudopregnancy. It may be that irritation 
produced by thus lifting the brain brings about "firing" of 
neurons in- hypothalamic nuclei or causes a slowing of 
blood flow in.the hypophyseal portal vessels. Worthington 
-(1955b, 1957) has reported, from direct observation of the 
pituitary stalk in the mouse, that blood flow here is reduced 
when epinephrin is locally applied and in response to 
peripheral pain. At present little is known of the special 
physiology of these vessels and their tributaries, but it 
is donsiedivable that a greatly modified rate of flow, if long 
continued, could somehow be a cause of pseudopregnancy. 


For the present, we are less concerned with the actual 
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initiation of pseudopregnancy that with its continuation 
once begun. Whether or not it will persist after the stalk 
is cut depends on how well the barrier is placed. It was 
seen that when regeneration of hypophyseal portal vessels was 
permitted, pseudopregnancy was interrupted by the onset of 
cycles. Otherwise it persisted throughout the experimental 
period, as in the transplantation experiments. Although the 
decidual reaction was not always elicited in the group of 
animals with the defectively placed barrier, it is believed that 
these animals were nevertheless in true pseudopregnancy, as 
judged by the presence of large corpora lutea. The lack of 
deciduomata in most of this group is believed to be due entirely 
to the fact that uterine trauma was performed too late to be 
effective. As mentioned earlier, during normal pseudopregnancy 
no decidual reaction is obtained when the uterus is traumatized 
after the seventh day. 

The final objective was to re-transplant autografts of the 
pars distalis to a site close to the median eminence, after 
the gland had become established in the kidney. In such a 
re-transplantation there would be a possibility of re-establish- 
ment of vascular connections much as in the case of stalk-section 
without effective barrier. The circumstances which distinguish 
re-transplantation from stalk-sectioning, or from direct 
transplantation of a fresh gland to the median eminence region 


immediately after hypophysectomy, are: (1) that the gland is 
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70 
twice insulted, with resultant loss of tissue, and (2) that 
while in the kidney the gland becomes de-differentiated 
eytologically and functionally. It has now been. shown that 
such a gland when placed in proximity to the hypothalamus, can 
nevertheless regain its ability to secrete FSH and LH, as 
demonstrated by the renewal of estrous cycles and even, in some 
eases, by pregnancies. The functional differentiation probably 
occurs subsequent to cytological changes, as discussed later. 
These findings show conclusively that the operative damage 
and adverse effects of transplantation per se are not responsible 
for the cytological changes and loss of FSH-LH secretion. Rather, 
they point to the fact that the separation of the grafts from the 
hypothalamus causesthe observed changes. These observations, 
furthermore, provide additional proof for the existence of 
humoral substance(s) that serve as mediators, through which 
hypothalamic activity. is translated to the pars distalis by means 
of the hypophyseal portal vessels. The existence of such humoral 
factor(s) in the hypothalamo-hypophyseal linkage has been 
Suggested by several authors and the whole subject has been 
recently reviewed by Harris (1955) and Benoit and Assenmacher 
(1955). That the results observed can be accounted for by a 
direct innervation of the graft is a very improbable explanation 
since it has been shown that nerve fibers of the hypothalamo- 
hypophyseal tract do not regenerate (Fisher et al., 1938). 


It has been mentioned above that functional differentiation 
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follows cytological changes. This statement is based on the 
fact that cellular differentiation could be seen in all glands 
which were placed under the median eminence, whether the animals 
had cycled or not. The finding that "castration cells" were 
especially numerous in the non-cycling animals is not difficult 
to explain, considering the completely atrophic state of the 
ovaries in these animals. A question arises whether some of these 
additional grafts would have proven to be functional had the ovaries 
been built-up by FSH-LH injections. It may be that some ovaries 
were too atrophied to respond to a moderate FSH-LH secretion 
which might actually have existed in some cases. 

It is quite remarkable that the graft, which is composed of 
relatively undifferentiated cells while in the kidney, has enough 
plasticity to regain semi-normal structure and function. Except 
for some difference in staining properties, many normal-appearing 
basophils and acidophils are found in the grafts of the animals 
that re-cycled. The question arises whether these cells were 
all present in the kidney graft in a dormant state or whether, 
after re-transplantation, they formed de novo from undifferentiated 
reserve cells. Only further study can answer this by following, 
with appropriate cytological techniques, the changes within the 
grafted tissue with the progress of time after transplantation 


or after re-transplantation. 
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SUMMARY AND CONCLUSIONS 


The study was based on the observation by Everett that in 
the rat the pars distalis of the hypophysis, when transplanted 
to the kidney on the day of estrus, secretes adequate amounts 
of LTH while it loses its ability to secrete FSH or LH. A 
variety of experimental conditions were imposed to. determine 
whether the pars distalis will still behave similarly when 
transplanted to the anterior chamber of the eye of an estrous 
rat, or when transplanted to the kidney on different days of the 
eycle, or when subjected to stalk-section in situ. It was found 
that the pars distalis when grafted to the anterior chamber can 
secrete LTH, as indirectly measured through the function of 
corpora lutea and the resulting ability of uteri to respond to 
trauma with a decidual reaction. 

When the pars distalis was autografted to the kidney on 
various days of the cycle it was found that LTH is secreted in 
all cases. This was not at first recognizable when the trans- 
plantation was performed in proestrus. Luteolysis occurs on 
that day of the cycle and for this reason no responsive corpora 
lutea, which are necessary for detection of LTH, are present 
at the time of transplantation. When new corpora lutea were 


produced by hormonal treatment, it was shown that the glands 


transplanted during proestrus also secrete LTH. 
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With the stalk-section technique it was demonstrated that 
the pars distalis, when completely separated from the hypothalamus 
by a barrier, continuously secretes LTH, as shown by unlimited 
persistence of pseudopregnancy. The pseudopregnancy could be 
initiated by simple stalk-section or even by slight mechanical 
injury to the hypothalamic region itself, but it ends rapidly 
unless the regeneration of the hypothalamo-hypophyseal connections 
is prevented. 

The possibility was investigated that the injury inflicted 
to the pars distalis by transplantation may be the cause for 
the de-differentiation of the kidney graft and the loss of FSH 
and LH secretion which follows. It was found that kidney grafts 
upon re-transplantation under the median eminence of the tuber 
cinereum are capable of re-acquiring a "normal" gonadotrophin 
function and differentiated cytology. Especially notable is the 
return of the basophils and castration cells, which are never 
found in the Searts in the kidney. Control animals, in which 
the grafts were moved from the kidney to a location under the 
temporal lobe of the brain, failed to regain the capacity for 
FSH-LH secretion or to undergo cytological re-differentiation. 
Recovery of these attributes in the grafts near the median 
eminence took place in spite of the additional injury brought 
about by the second transplantation. 

In general, it may be concluded from these present studies, 
that whenever the pars distalis is removed from the influence 


of the hypothalamus, whether by stalk-section or transplantation, 
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it loses its ability to secrete FSH and LH while it always 
continues to secrete LTH regardless of the site or time of 
transplantation. From the re-transplantation experiments it 
can be concluded that the loss of function and of cytological 
differentiation observed in pituitary grafts is not due to the 
injury which occurs during transplantation, but rather to the 
fact that the gland is placed at a distance from the hypothala- 
mus. Thus, it cannot be reached by humoral substance(s) which 
appear to be of paramount importance for the stimulation of 
normal pars distalis function and which are usually transmitted 


to the gland via the hypophyseal portal vessels. 
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